ivr n.K 0 1- TWK jNvi-:N^r i (jn 

Ki-;A(ri\)]^ I'OR \\Y\)\<iyy\<\'jyriN{] and tn^oci^ss i-ok 

l>K()l)li(: ! IJi/rRAI.OW SUI.iaiH lllvWY OIKS JiY 'VWE 
USE Ob' ^VUE RKACTOR 
' i mCKGROUNi) 0 1-^ Till-: !NV i-:NTiON 

1 . To(:hn 1 L i n 1 c! 

1 1 s i 11 V CM 1 t: 1 o\\ V o 1 ii I e s to a r c a c t o r f o r 
hy (1 j'o I r oa I \ ng wh i * :h coa t:a ins pi Lira 1 * :a la 1 I 1 ay e r s 
( ca la 1 3's I be ds ) packed wi Ih hy di'fj t: r ca ling" <::a I a. I y s Is 
10 ia:^specli vc i y , and lo a process lor producM !ig' an 

ullraLow sulfur ln?avy oJl froni a heavy oil conlaJnln^^ 
sulfur compounds and melaillc corriponenls by Ihc use of 
Ihe r (^.ac lor . 

2. Descripllon of the Prior Arl 

15 Tliere has been known a f)rocc;ss which comprises 

using: a fixed bed r^wiclor packed wi 111 two kinds of 
h3^dro tr ea I i ng- catal3^sts, i.e., a c k) m e I c t ^i z a t rtm 
catalyst and a desulf ur ization catal^^sl and brlng-ing- a 
heav3^ oil such as an almosplu^ric or vacauun distillation 

20 residue; of a crude oil ha\^lng hig-li sulfur content into 
c n I a c : I wM Id i t: 1 1 e h y d r o I r e a t i n g c a t a 1 \^ s t s t o 1 1 1 r e b y 
J.ower the sulfur content of tlie heavy oi l , tiius 
pj'oduciug' a Low sulfur heavy oil for a long" f)ei'icK]. 
When a heav3* oil liaving higii suli'ur content is used in 

25 the above process as Lhe feed i 1 , however, the reactor 

is poor in total desu 1 f ur 1 z i ng activity, so that the 
oil thus produced sllll lias sucdi high su I fu r (K;)nliui t as 
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li) be uns/i I i s I'mc* lc)i\y in [xm; [■oniianco . I;:ven vvIkmi an 
a lmos[)licMVL c ti i s I; i 1 la[:lc;n i/c^s i diu) liavlii^- 1 cnv sulfur 
coiil*:Mil. was used in llic; ahovo [process as t;lio rood oi l, 
liieia- occu rrod Ihc \) rob loin t Jial IJie l;o t:al dosu I fur i z i ng- 
5 activity o i' the I'oaolor L<'\v.:!rcd too rapidly lo oi)crate 
llie react<ji' Tor a Jong' i)orio(l, tliougdi an uJli-aJow 
sulfur hoavy oil (UMilrl be:; loiiij)orai' i ly lU'oduoed in sonic 
cases l)y (^Icvafing Line r(Mct i(Hi tompe rat ur o . f'lius , Idie 
pi'ocesscs of the ])rior arc had the d I sadvanlago that 
1 ^> the total dcsulf ur izin^ a.cLivity of the reactor was too 
poor to pi'oduce an ultra low sulfur heavy olJ over a 
Icaig" period. 

SUMMAR Y O F THE INVENTI ON 

An object of this invention is to provide a 
15 reactor for hydrotrea ting' whicli contcains plural 

catalyst layers packed with hydrot r eat ing: catalysts 
respectively and which exhibits a total desulf ur izing' 
activity higher than that of the reactor according: to 
tlie prior art, which is reduced in tlie rate of lowering- 
of the desulf ur izing- activity and therefore can keep 
the high d(^ sul f ur i zin^ activity over a long period, and 
to provide a process for producing an ultralow sulfur 
heavy oil from a heavy oil containing sulfur compounds, 
metallic components by the use of the reactor, 
^5 Tile inventors of tliis invention havi:^ 

intensively studied for the purpose of solving the 
a b o V e p r o b 1 ems, and as a r e s u 1 1 o f t li e studies, t he y 
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liavc^ I'oiiiu] that a rc'art.or for 1 1 >• d r o l. r (N'I t i 1 1 wliLcli 

c:(Mi l.a i ri s |)lurai 1 1 yti ro taas'i I inn' cat a 1\' si la\'(M's havijiu" 

sptM" i f i (' f'cH a t: i oiisli i p I cj cs'icli oMkm' oxiiihit.s a l:c)laJ. 

( i < ^ s u 1 f u r i z i u u" ac:U.vil.y h i [;'1um' l:liaii that: c; l:lu! reac'Loi' 

5 oi' Ihi! i)r[i)r art, and Ulial llw. ii i u'li total d o sul lur i. z :i iig" 

at:t,Lv,il.y of liic^ roaofor of 111 i s invoiifion is so sJcnvI^^ 

I.owcu'cmI as fo bo kc^pf at a li i u'li I oV':n ovei' a long' 

ptM' i.od. ddi i s InvcnL ion has boon aco< jiiip 1 1 sluul on the 

b a s i s o f t : lies c f ' L n d i n g\s . 

10 Namo\L3^ , tli i s invontion iH'o\'icles a i^eaotor f'or 

hyd ro t r oa 1 1 Jig\ wh i ch coiiip rises a t: Iff as t f ou r c;a l:a] ys t 

layers packed r esp e f 1 ve 1 y \v i lii liy d r o t rea t i ng: catalysts 

satlsl3^ing' th(^ r<^la l:ionsh i p iM^preseii Led by t:he 

f ollowi ng' formulae : 

15 S ^ S ^ (1) 

II n + 1 

1 , \ r)Y ^ V , (2) 
M n + 1 

wherein S rejjresents the surface area per 
cuL)ic meter of each h^al ro tr ea t ing: catalyst; V 
represents the pore volume per cubic meter of c-atalyst; 

20 and vvhereiii n is a natui'al number representing' tlie 
o r d e r o f e a c h c a I a i y s t 1 ay e r . 

Further, tfri.s invention also provides a 
proc'oss for i^roducirig- an ultraiow sulfur heavy oil, 
which comprises using' tlu^ I'eactor for hy d ro t r ea t i ng- of 

'^^> this invention, and {)assing' a iieavy '>i.i througdi tiie 
f i r s t t o t h e ] a s t. c a t a J y s t ] a y c r s s u « : c s s 1 v e .1 y t o 
therel)y bi'ing- the heav^^ oil into contact with hydrog'cn 
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uas u iid (M- h yd rogcMia I i on conci i I i oris in (Nuch m la ] 3^s I 
la3^e r . 

H ]M i-:i- DIvSCIM I'^IMON OK Till-: DKAW I NG S 

i^'iR'- i is a j^raph showing- tJio results oT the 
5 cvii l II a t i on o t liy cii'o t I'oa t ing- ea ta 1 ys ts oi' t^xaiiij) I. o and 
Coiii[)ara t J ve Exaiiip 1 e tor dcsuJ furiy.in^ aot i vi ty . 

V i ^ . 2 i s one ex amp I e of a sehenia t i c 
cj-Qss-scc t i onal vi ew of the roac tor ft^r hydro treat i ng- 
a<::<:ord i ng" to tti i s LiiVd-nt i on . 
1 0 D ESCIM I'l^l ON OF TUE PREi^ERRED KMHODIME NTS 

This invejitlon will now be dc^.serlbed in 

detail . 

Ill Fig". 2, the numeral 1 shows the reactor for 
1 1 >' d r o t r e a tin g a c c o r d i n g to t h 1 s i n v e n t. i on, and 1: h e 
1 5 n u m e r a 1 2 shows a a t a 1 y s t layer. 

When a heavy oil is brought into contact with 
a hydro treating catalyst, desulf ur iza tion occurs to 
thereby remove sulfur rrom tlie organosulfur compounds 
n t a ;i n e d i n the heavy o i. 1 , such as L) e n z o t h i o p 1 1 e n e s , 
20 dJ benzotliiophenes , mert-ap tans , tiiio ethers and di tliio 
elliers. In addition to tlie desulf ur 1 za t ion , also 
deuietalizat ion , crack i ng and nitrogen removal occur 
s i I II u 1 1 an e o u s 1 y , t J i e d e ii i <;:; t a 1 1 1 z a t i o n being e f f e c t i v e i n 
freeing the heavy oil of metallic components such as 
^5 rrickel, vanadium, iron and sodium. These reactions 
o(;;cur on the surfact^s in the pores of a porous 
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Inoruiui ic: coinposj 1 e oxide used as a hy d i^o t. r (^u I .1 nn- 
cala.l.ysl. or oil l:ho on Lor siii' j'acf^ r> f oxidc^. 

As llioso roa(*l:ioiis pj'oooocj , howevor, oc^ko and 
/fie Lais are foiaiied S(icoMdar lly and de])os i t In the pores 
or tlie ]iydro1.i'eat:Ijtu- catalyst aad/or on tln^ outer 
surfaee tlic^j-eot. 'these de[)os i ts poison th(^ aet ive 
sites oji tiio Jiydrol rea ting- eatatyst, which iovvers the 
act i vi ties of the eatatyst for des u 1 fu r 1 za t ion and so 
on. t\irther, tin^ ileposits formed in the pores of tlio 
<;'atai3^sl: ctLog- tin^ j)orcs to i.nver t:he activities. A 
hydro treat i ng cataiyst exliihiting- the higher 
dentelai i zi ng- activity gives tUe iarger quantity of 
ino tais depos i Cod , wh i ch i s causative of J owe ring: the 
cat;al3'tic activL 1 ies , 

In gen(:;ral. Laminates of two kinds of 
<*ataiysts, i.e., a (i^metai izat ion catalyst and a 
desulf urination cataiyst, are used as desul f ur izat ion 
catalysts for heavy oils. After such catalysts were 
used for one year, Idiey were withdrawn from the 
reactors and examined for the quantities of metals and 
coke deposited. The quantity of metals deposited was 
largest near the In],et of tiie reactor and became; 
smaller toward the outiet thereof. That is, it has 
been found that the eatatyst near the inlet of llie 
1' < ^ a ( ; t o r 1 s s i gn J I" i c ant L y 1 o w e r e d i ii a c t i v i. ty ' by 1 1 1 
dej^Msition of metals, and that as Uie outlet is 
api)roached , the lowering in act ivi ty due to tlie . 




(lcM>c)s j t. i on of' iiio l.n I s loiuls to l)ocoiii(^ snia 1 1 cm- . y\s 
doscr Iboci al)c)vo , the (]uaiit Lty o (' [iielais doj)os.i t:ocl on 
llic^ oaLaJysl. vaivios (icponcl i nj^' <>ii tlie i)f;siLion o [" Llio 
oalalysl. in l.lio rt^aoloi-. Aoonial i ngly , il i .s ncc:ossai\y 
5 thai t lio hyd I'o la^ea I i nu" oaLa.Iysi, l:o he. packo'd into some 

spac'o in tho r*(N'iotf»r is one having- a suitablo inol.ai 
resistance ( p r*)i}or of Jnhibi i;in^ the lowering in 
activity due to the d'^^ositJon of mentals ) dcpeiKJing' oa 
tiie position of the s])ace . Additionally, il has been 
10 found tliat liie met.al resistance- (N) of a hydro treat ing 

ciatalyst can repres-iniled by functions of the surface 
a r e a ( S A ) o V 1 1 1 e c a t a 1 y s t a n d the j:) o re vo 1 uiii e ( P V ) 
thereof as shown by tlie foiiowing' equal j on, wherein E 
is a const;ant, and f and g- are functions wherein SA ^ind 
15 PV are variables respectively. 

N - f{PV)/g(SA) - E (3) 
On the other hand, Ihe quantity of coke 
deposited was larg^est at the outlet of the reactor and 
became smaller toward Ihe inlc?t thcM'eof. That is, it 
20 has been found that tlie catalyst near the outlet is 

significant J.y lowered in activity by the deposition of 
cokc^, and that as the inlet is approached, tlie loweriJig- 
in activity due to tlie deposition of coke tends to 
become smaller. As described above, the quantity of 
25 coke deposited on the cataiyst varies depending on the 
IKjsition of Ihr' cataiyst in tlie reacM.or . Accordingly, 
it is necessary that tlie liydro t reating catalyst to be 




pacluuJ i n lo soiiu^ space i ii {.iw roac (.or i s one hav.i iijl;- a 
su i lab 1 o coke ros 1 s Lancet ( roj) cm* l;y of i i l; i I i n^^ the 
lc:»w(M' i luv ill ac-l.Lvlly duo l.o the d e j^os i 1: i on of cokcO 
deiKMiding' on ])os.LLIon o Iho spaoo. Ad d i I i '.>iia I 1 y , 

it; lias been J'ound that: the cu^ke resistanc^e (K) of a 
hydrr)lroal Ing catalyst, can be- represented by the 
fol .1 <:»\vlng' (Mjuat i on , wliereln \) Is a cmmisI ant , and Ji and 
j art:' t*unc tiojis where i n SA and PV ar(} variables 
r espee t i vely . 
10 K - li(SA) - J (PV) - D (4) 

Additional detailcid sludies were made on the 
mechanism fiovv tlie activity ol a hy dro t r ea t ing- catalyst 
is lowered, and as a result, of the studies, it tias been 
found that the desul fur i za t ion reaction and tlie 
15 d eiiie t a 1 i z a 1 1 on re ci c t i on can be r e p r e s e n ted by t h e 
following- equations , when the act i vi ty lowering- 
f unc t ions of desulf urizat ion and demetalj. zat ion are 
d e f i n e d a s ^> s - L s ( M , C: ) an d <\Hn - Lm (M , C ) 
respectively , wherein M is the quantity of metals 
2.0 deposited on tlic cataiyst and C is that of coke 

deposited thereon. In the following formulae, PH^ Is a 
partial pressure of h^^drogen . 

(h-sul f ur i zat i on : dCs/dt = Qs ( l^s , Cs , PH,J (5) 
demetallzatlory: dCm/dt - Qm ( ^I>m , Cm, PH.,) (6) 

The reactor to be used In the procress oT this 
invention contains a plurality of hydrotrea ting 
c: a t a 1 y s t layers. The reactor 1 n c: 1 u d e s f j x e d bed one s 



ajiti (' i u i (1 i /.(ul 1km 1 oiu^s. In Lfi i s iiivcMition, a fixed IjcmI 
ia!<u;lcjr i .s f) r C ( : i; a [j I y us(m] l)(.M-aiisc^ lh(» r;f!;u-I,ca' pt!riiiit.s 
easy part it Icai anioiuv cat a I ys I. Ia\aM's an(i csusy 

tjpCM'a I [ oi\ () r t.lic; CMpi i f)iiKMi I . 

I It this jn\aMiLi()ii, {A\o miinbrr ' > f hy (] ro laa^'i t i n u' 
(-aLalysl. layers Is 4 or iiioia^, p r o fc^ j-a tj I y 4 l:o 1^0, sll II 
p I'e rah .l_y 5 to .1.5, Lii I li i s i ii voii t i oji , lAic. hi/^sl, 
(NilalysL ia\aM; is pi'ovLdod on tdie inlet sidn (oil 
r e e d i n s i d e) o f 1: he. i ' e a e I or, an d s ( ) v e r a 1 c - a I ; i J_ y s I 
iayei's are furtdier prcneiakKl towaj'd tlie (gullet 
s u e e s s i v c I 3^ , w i 1 1 1 1 1 1 e J a s t: a t: a 1 y s t; 1 ay e r h e i n g: 
i)rovi ded on the out l et: sith:?. 

Ae(M)rfLi.ng to th i s iavcMi tlon , the h^^iro treat i iig 
of a lieavy (j i I is eouductcul by passing the oil through 
the IMrst to* the last ea talk's t layers suee(:^ss i ve 1 y to 
th('reb3' bring the oil into contaet with hydrogen gas 
under liydrogcniat Ion eondi tions in eaeJi eatalyst layer. 

Wiien a fixed bed reaetor is used, tiie eontact 
of a heavy oi] with h^^^drogen gas may be conducted by a 
eoeuj'rent, dc? sc:end j iig oi' ascending flow method or a 
coun tcrcurrent method. When a fluidized bcul reacrtor is 
used, the contact ina3^ be conduc^ted by a cocurrent 
ascend] ng f li iw method . 

In this Invention, tin:^ r'eactor ma3' be cuju i.p[)ed 
ill sjjaces among the catalyst beds with a nc^zzle for 
tcMMljng a (|uench o i I or a ciuench gas tor t iu' 
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loiupcM-a Lure c^onlrol of lli*^ reactor- antl/or vvitii a iiozzlo 
Cor r*::^j)len i. s!i i ng- tiy ci cogOM gas . 

Aocordlng' to this i Ji von 1: 1 on , tlio first to last 
catalyst layers may bo paokcd into one r':^ac*tor, or they 
5 may b":^ sei)ar/itcly paoketl into a plura.l ity of." reactors 
r ■ ^ s p e c t t ve l.y . 

IMie tecul oil to be us<Hi In the liy d r o t r eat i ng- 
ai^cording' to this invention is a heavy oil, which 
conta Lns suirnr comi)ounds . m<vtatllc conipt)iien ts . 
10 Examples of the heavy oil arr^ atmospheric distillation 
residues of crude oils; va(ruum distillation residues 
ob ta ined by vamiuia di still at ion of a tmosj)her i c 
d:i st Lllat ion n^sichies; oils prepared from tar sand, oil 
sand and bitunKui tiirougii extraction and I'eforming-; 
15 hoav3^ oils preparcid from these oils througli 

desulf ur iza t j en ; deasphall cui oil ; heavy crude oii s ; 
heavy crude oils diluted with naphtha, kerosine, g:as 
oJ 1 and vacuum gas oil; and mixed oils oi' two or more 
ol* them. 

20 11 is preferable tiiat the lower limit of 

sulfur content of the heavy oii to be used in this 
invention be 0.05 % by mass, still preferably 0.3 % by 
mass, and tiie upper limit tliereof be 10 % by mass, 
s till p ref erabi y G . 0 % hy mass . 

25 The term "sulfur conteirt" used in this 

speci f i c^ati on refei's to one determined according" t<j "G. 
Rad i a t ion Exc i tat ion Me thod " o f "Test 1 ng Me tliods f <n' 
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Suii^ur ill Ci'iulo Oil aiul rc^Urolouiii Prcnlucl.s" as 
s I i pula 1 ocl i II J 1 S K 2r)-ll- l\)\)2 . A .11 of I lie su.l. I'ur 
<::c)ntonl va.I uos u'ivon in t;li.is sp oc 1 f i ca I ion arc oiios 
I \\iis d Q I <) r 111 L n e d , Fur l}\cr , \A\ e I e r in "met a 1 c : o 1 1 1 (Mil;" 
used ill l;Jii s s^)oc^l IM ca I: i on i^trfors to one dotorniined 
w itii, e-i^. , a r.Luorosc:.Mi t X~ray eleiU'.Mital ana] 3'sor 
(trade naiiio : MKSA , iiifd. by IIOIMBA S]^ i S AKIJSIK) Co., 
Ltd. ) . 

WiLli ros|)(u:t to the nieta.l. eontc-nt of the heavy 
o1 1 to be used in tJils i nvention , the lc)wer 1 liiil t of 
t in^ N I eContent 1 s i:)r e f (M'ab I y 0 ppin , still pr T:- ferab ly 

0 . 5 ppm , an (J the ui:)pe]' 1 i mi t thereof i, s p r ef erabi y 300 
p p m , s t i _L 1 p r c f e r a b 1 y 25 0 j:i p m , wli i 1 <^ t h e 1 o w e r 1 1 m i t of 
the V content i s pi'ef cn'ably 0 ppm , still preferably 1 
[ipm, and tiic^ upper limit thereof is preferably 3400 

I) p 111 , s t i J, 1 p r e f e r ci b 1 3' J- 0 0 0 p p m . 

The lo^dro treat ing" catalysts to be used in this 
invention ma}^ be hydrog:enat ion catal3^sts which are 
selected f r om ones c o n \' n t i o n a 1 1 y u s e d f o r t li e 
hydrotreatin^ of peti'ol eum and whose physical 
properties { including' surface area, pore volume) 
sat isfy tiie requi remain Is of this invention. This 

1 nven t :i on i s not J. imi t ed in 1 he k i nd of iiydro t real ing: 
ca talys ts at. a J 1 . 

Til e i 1 y d r c:i t r e a 1 1 n g c a t a J y s t s to be used 1 n td 1 1 s 
i nvent ion each comprises a hydrogenat ion acti Vcit J ng 
inelal and a carrier of a porous inorganic oxide 
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sup|)()rllruv tlio inoLal. l\xaiiipj(^s of ( cai't'icM' ai'c^ 
aliuiiina, si 1 i ca , 11 Ian i a , zircoiria, inagiiosia, aluiiilna- 
s 1. 1 1 ca , a 1 am L na - ho r La , a 1 iiiii i iia - t J l.an i a , a i uiii i iia - 
z i rcon i a , a 1 uiii.i Ma-iuagiu^s i a , a l.iiiiii na- s i 1 i (.:a- z J r con 1 a , 
n a 1 uin i na-s i J_i<',a- I \ lanJ a , various zool i Los , and varvi ous 

c^J.ay [ninoi-a]s sucvh as sopLol i lo and iiioii Lnio r i 1 1 on i t:e . 
Ill tdiis invention, it is i)reterablc to use one or riioro 
iiieiiibf-M's st^lected from Cliose porous iMorg'aiiio ox i (ies . 

' i; i 1 1? 1 i y d r o e n a t i < j m a c t i v a t i n ^ 1 1 1 t a 1 ia n •. 1 u d e s 

10 Grouj) IB iiietais of tiie pijriodic talkie (su'^li as copper), 
Group VB fiielals thereof (sucii as vanadium), Group ViB 
metals tlK^reof (sucli as elirfMuium, molybdenum, and 
tungsten), and Group VlTl metals therti'of (such as Ij'on, 
cobaJ t and nickcJ.). One or more members selected lix)m 

15 these activating' metals are favorabl3^ used in this 

invention. In particular, it is preferable to use one 
or more h3'drogenat ion activating metals selected from 
among- cobalt,, molybdenum, nickel and tung'sten. 
Preferable examples of the combination of two metals 

20 are cobalt- molybdenum , nickel-molybdenum and ni ckel- 
tungsten . 

A c omb 1 na t; i on o f t; h r e e hy d r o ge n a 1; i o n 
a c: t i va t i n g: metals s u cdi a s n i < : k e 1 ~ c o b alt- mo 1 y b d e n u m o r 
tanig's t e n ~ cobal t - n i eke 1 i s excel 1 en t 1 n 
25 h3airod(^sulf ur i zing activity and sul fur resistance, thus 
b e i n g p v c f e r a b 1 y u s a b 1 e . 
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^riic I owor .1 i iu i t. of Lin:! aiiicniii I o f 
liydrog'enal:l(.)n act.ivat i n^' iiiela 1 suppoi'tcul iiia.y bo 
tu'efriralj 1 y .1 ''o i)y mass , s I \ 11 pi*(!rcrab 1 y 2 % by mass 
basoil oil the. Uotal amount of l.he oalaJysls, while liio 
5 vipi.)(^r liinil l:licr(^of* may bo proforably 40 % by mass, 
sLllL i)i-oferabLv % by mass based 1 hereon. With 

respoc' 1 to the hydro t roa t liig^ oa taly s t to t»o us«h1 In 
(M\cA\ eatalyst layer, tlie mr'.i:a;i and the amount Ihereol 
supported may be selec'ted aidyi traril^' . 

10 Jt is j)rererable that the hydrog^enatliMi 

aetivatin^ metal eom].)on<::nt be supi)orted in the form of 
an oxidr; and/or a sulfide thertiof. The metal eomponent 
c:an 1)6 supi)orted b^^ an liiipreg-nat;ion metiiod of liiiinerslng- 
a cai'rler In a soJ utlon of a sol uble salt of tiie me tal 

1 5 c o in p o I KM rt 1: o t h e r e b y 1 n t r o d u e e the m c t a 1 e o inp o n e 1 1 1 into 

the carrJer, a copreclpl tation method of preeipi tat ing 
ttie metal component during- tlie preparation of a 
e a r r i e r , o r t h e I i k . hny o 1 1 1 e r met h o d s may b e used, 
in par tieuiar , the impreg-natlon method is advant ageous 

20 in tdiat the operatJ.on is easy and simple and that the 

p liy^ s j e a J. p r o p e r t i e s of t , h e c a I: ci J. y s t o b t a 1 n e d a r e 
g-uaranteed. The impregnation can be conducted by 
immersing' a carrier in the above solution at ordinary 
temperat.ure or above and kc!ej[)ing the result i ng sys lem 

25 under such conditions as to attain satisfactory 

iiiipregnat ion of the carrier w i th the desired component . 
W ii en t vv o o r m o r e m e t: a 1 c o mp o n « _^ 1 1 1 s a r e r e ci u i r e d t o b e 



suppt)rl(Ml on t Iio carritM', t i tup o ^na I i on nia^' In? 

t'ojuJ u o t; by a <.,muv- f* 1 u 1 cl i iiii) r e^aia i on mo Ihod 

( coHip r i. s iaiK" iiiixiiiK' ^li^' t-wo or more mel.al coiiiponcMi Is 

\vl 111 eacli oliior ant] liiuii<;w's i ng- a cart* i or i n a so.i ul Lon 

of mixl ui^o to mak(3 l:ho carri'M' i iii]:) r eg'Jia t,e<:] wi th l:he 

mcta 1 compojicn Is s i iiiu.l. I.anoous 1 y ) , a two- f 1 u Id 

I nip r on'Ma t 1 on me tiiod ( comp r i s J ng" sc^para to iy j) r opar liig: 

sola t i ons vvli 1 oh o on tai ii two or inor t.^ iin^ tal ooiiiftonen ts 

r e s p o o t J. V o L y an cl i mm e i ■ s i n j^* ;i c a r .1 tu; in t h v ' s o 1 u t i o n s 

s II c c e s s 1 V o 1. y ) , ( ) i' 1 1 1 o 1 i k o . 

Tho oond L t j.oiis ot thc^ hydro treating; ( con tac t 
of a ho^avy oil wi th the hydrotreatlng cata lysts ) vvi 1 i 
now b(i d(^sor i b(:Mi . The lower limit of the reaction 
tempcu'a tur e iiuiy Lir^ pre. for ably 30 0 ^' C , s t i 1 1 pr cvrerably 
350 ^C, win'.l.e tlie upper limit tiiereof may be preferabJy 
480 ^C, s 1:111 preferably 440 C . 

\Vh C! n t ii e r e a c t J o n t emp e r- a t u r e i s less t iian 300 
neitlier desu.l i'urization nor the d^metalization will 
s u f f i e J n tly p r o c ci e d , wh i J. e wh e n it e x c e e d s 4 8 0 C , 

0 \^ e r c r a c kin g* w j 11 o c c* u r , s o t h a t: t lie e q u i [ > rii e n 1: w i 1 1 b e 
p r o b 1 e m ;:i t ic: in 1 ci t r e s i s t ci n c r e u r rf a v o r a b i >^ . 

In tlie lo'drotreat ing- aecording to this 

1 n V e n t ion, the 1 o w e r 1 i m it of the pi n r t i, a 1 p r s s u r e o f 
hydrogen at the inJ et ol" t he reactor tnay be pref cirab Iy 
1.0 MPa , still preferably 8.0 MPa , wliiJe the upper 
limit tiiereof may be preferably 25 . 0 MPa , still 
preferably 19,0 MPa . When tlie par t ia 1 pressure of 
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hyciro^Aon at: U\v \n\cl is .1 (-ss lhari 1.0 MPa , no 
sa t. i s i\ic i.ory cnln \ y li c ac I i v i ly wi .1.1 oxhl I) i IcmI , so 

Lliat. llir^ cl'^sul I"u i ::a I: i oi i for p rcnl u o i a an a .1. la/a 1 o\v 
sulfur hcsavy oi 1 w i 1 I nol. sa I i s fac^ l:o r i 1 y bo orair] u o laul 
n un favoral) I y . 

Oji t;ho <u)ii laa-iry , vviuMi tiic |)ar L,i.al {)rossu rc 
oxf'ocds 25 . 0 Ml'a , ulio o <] u i piirai t: w.lII l.x? i)rolrl oiuaUlc: i w 
I)rossur'^ r<^s.Ls laaco un favo rabi y . On Ihc o tiuM' hand , 
the jjarlia.L pressure o [' hydja)^(ni at: tdn:^, out;.let of tlie 

10 roaotor deiunnls on lln^ depth oi* the reaction, and 

thereforcj is chlffieult to liiirLt. However, the iTiartiai 
pressur(3 of hydrogrcui at the outlet may be made equal to 
that at th(^ inlet by ft-ediaig' h3alrog:eJi g'as g-enerail3^ 
into spaces aiiiong' 1 lui eatalA\st layers. 

15 Tiie lower 1 iiiri t fjf thc^ l i quid liourly space 

veloclt}^ (IIISV) of feed h^'avy oil may be preferably 

- 1 - 1 

0.02 h \ still prefcirably 0.05 h and the upper 

limit tiiereof may be pi'eft^rably 10.0 h , still 

preferably 1.0 h , tliough the lower and upper limits 

2 0 a r e not p a r t i c u 1 a r 1 y res 1 1 * i. c t ; d . 

In the hydro t i'eat i ng: according t o Ihis 
invention, the lower Jimit of the hydrogen/oil ratio at 
the inlet of the reactor ma.y be preferabJy 100 Nm'Vin'\ 
still preferably 500 NiifVm'\ ^md the upper limit 

25 tiiereof Is preferably 2000 NiifViif^ still preferably 

IGOO NnrVin'^. When the hydrogen/oil ratio is Less than 
10 0 N nf V iif ^ , 1 1 1 e i' e a c lion w i .1 1 n o t }) r o c e e d 



sa L i s l'a(' to r i 1 y , whiles wlicii il oxc-ccnls 2000 Niif /iiT , only 
a siiiaJ I aHKMiiil of" oil w i 1 J bc^ liy d ro li*oa Icm.] UHravorab i y . 

'V\]c. anion II I oT iAw. calalysl pac^ked inlo oach 
c:a l:a l.ys I \ iiycv may bo pre feral) 1 y 'A Lo 70 % by vol luiio , 
s t: 1 ] 1 1 ) r c r o J' a b 1. y 5 to GO % I ) 3' v o 1 u in e b a s < J on 111 I o t a 1 
aiuount of Iho (Nal;alysl:s jia'-kotl Lnto liio r<^actoi'. The 
riuiount of llie eatalysl. lo be packed into eaeb caLalyst 
layer may l)c^ seLeetiMi arb J t r'ari Ly . When t;he amount is 
less than 'A by volume, tln^ de su L fur i za 1 1 on or the 
demetal izatlon will be unsa tl s tac tory . while when It 
exceeds 70 % by volume, the amount of the e^italysts 
packed into the other layers will be so small that tlie 
advantageous effecvt attaincKl will also be poor 
unf avorabl3^ . 

The ultratow^ sulfur hc^avy oils produced 
acc:ording: to this invention can be used per se as 
product fuel oils. Al t ernat i vcily , they may be used as 
product fue^J oils in the form of mixtures with 
d i st illation residues of pel ro]. cum , kerosines , 
s 1 r a i g h 1: - r u n ga s oils, \^a c u urn ga s o i 1 s , ga s o i 1 s an d 
residues obtained l:)y thermal cracking of dJ sti llation 
residues of petroleum, oiJ s obtaimsd by hydrotreat ing: 
them, liglit gas oils (llg'ht cycle oils), lieavy g'as oils 
(heavy cycle (.)ils) and slurry oils each obtained from 
catalytic; cra<:kj ng plants, or other base oils for fuel 
o i 1. s . 
l.\xam}3 I e 1 
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^[^lie i)ro[)or t. i OS of ("(kuI iic^avy oi l. aiit.1 l;lio 
c:ondi Lions o [' hy ti ro L r t, i. iiK nra as I'ol Lows: l'ro{)orlJ(ss 
o [■ i'ccMl lu^av^' o i I 

Heavy o i J. ( a Ltiios[)lic r i c; disti 1 I at ion roslcluo of 
5 Aral) i an lleav\y ) 

Spec:if.i.o gravity (.ir3/4 ''C) 0 . 

Sui lair <: on tent {wt%) 3 . 9G 

N 1 lJ*OR'en con ten I { w t% ) 0 . 4.1 

( : c i r I ) o n r c s i l\ u e { w I % ) .1 T) . 0 

10 Asphal lene ( \vt% ) 7 . 30 

Ni ( ppiii ) 30 
V (pprn) 110 
Co nd i t i o n s o f 1 1 y d r o t r e ci t: i n g' 

Partial prc^ssure of liydrog:eii (MPa) 10 . 3 

15 Rcacllou temperature ("C) 70 to 390 

Liquid hourly space velocity (LHSV) (hr ) 0.17 
Ilydroi^en/oil rat io ( 1/1-oil ) 70 0 

Catalysts used 

The hydrotreat. j ng: catalysts A to F liaving: 
'Z 0 p h y s ;i. c a 1 p r o p e i' t: 1 e s s p e c 1 f i e d 1 n 1^ a b 1 e 1 we r e prep a r e d 
and p a c k e d j n t o c a t a 1 y s t 1 a y e r s res p e c t i \^ e 1 y in amount s 
s p e c: 1 f 1 e d 1 1 1 Ta b 1 e 2 . 

[ ly d r o t r e a t j n g' a t a 1 y s t s A t o 1^ 
(carrier : alumina 
25 inet:al component s supported : iMoO.^ , NiO 



-17- 



10 







X l:> 1 












Catalyst 


s 


S 11 r face 


area m /in 


Pore 


volume 


3 / 3 

m /m 


catalyst 


A 


9. 91 


X 10^ 


3. 


98 


X 


10 - ■ 


catalyst 


13 


1. 08 


X 10" 


3. 


65 


X 


10" ' 


catalyst 


C 


1.13 


X 1 0 " 


4. 


1 2 


X 


10- ' 


catalyst 


1) 


1. 40 


:■: 10" 


3. 


95 


>. 


10" ' 


catalyst 




1. 44 


X 10" 


3. 


83 


X 


10 ' 


catalyst 


1- 


1.8 5 


X 10" 


3. 


91 


X 


10- ' 



15 



20 



Catalyst layers 


Catalysts 


Packing volume vol% 


1st catalyst layer 


catalyst A 


10 


Zad catalyst 1 ayer 


catalyst B 


10 


3rd catalyst layer 


catalyst C 


10 


4th catalyst layer 


catalyst U 


10 


5tli catalyst layer 


catalyst E 


30 


Clh catalyst layer 


catalyst F 


30 



25 
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Coi nija PM I i vc I'ixanif) 1 o 1 

^riu^ pi'oiJCM' I. i (jf rood hoav3' oil aiui 
ooiuli lions of h yd ro Ifoa I i iig- woro U\c. same? as Idioso of 
I^xaiup 1 o f . 
5 (; a la 1 y s f s used 

Ilydrolroal i lu^- oalalysls G lo 1 having- ptiys.icNil 
IM'oporllc^s spoolfied in ^fable 3 wei'o proparcui and 
paokLul Into oalalysl layers in amounts spec^ified In 
Tabie 4. 

10 II y d r o t r c a ting- c ; a t a 1 y s t s G t o i. 

carrier : a I uinlna 

metal components supported: MoO.^ , NiO 
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20 



25 
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1^ a l> I o 3 



Catalysis 


Surface area m^/iii' 


Voro volume in^/m' 


catalyst G 
catalyst U 
catalyst I 


9. 91 X 10 ' 
1.13 X 10" 
1. 44 X 10" 


3. 98 X 10" ' 
4.1?, X 10' 
3.83 X 10' 



10 



15 



20 





t> 1 e 


4 


Catalyst layers 


Catalysts 


Packing volume vol% 


1st catalyst layer 


catalyst G 


20 


2nd catalyst layer 


catalyst II 


20 


3rd catalyst layer 


catalyst I 


60 



25 
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FIk. 1 shows the resu l ts of I ho r^. va 1 ua 1 i cmi Tor 
(i.-su I rui* i z i uu' 'H'^ iv i l y as observed i n t lie hydro t rr^a i i ng- 
oC l^xaiiiple 1 and (:< tiiii) a I'a I i v l^xaIIlI) 1 e 1 (in Ucu'nis ol" 
i;e.l a 1, 1 ve aclivi I i es as f:a.l (.*u 1 a t cMi \)y laking: the 
5 aeli\^ity of' ( UMiij-a ra t i ve l-ixanipL*"^ as (00). 

As shown in K i . i, tdte ealalysL sysl.:aii of 
[::xaiiii)Ie i exhibitrMl at; «-vL<lenfly iii^lier aetivily than 
lhat of flie syst-ein of Coiiipa r a t, i ve l^xainp 1 e 1. Aflo-'r llie 
lapse of 700 hours, liie dilTerenee Ln acttivlty bet. ween 
10 tiie (-analyst: s3^sfoiiis fends to widen witdi llie lapse of 

time. Thus, if is apparenf thaf tlie cafafysf sysfem of 
f:xample f eoniposed of four or more cafalysf fayers 
pac^l^ed respeef Ivefy w i th liydro Ir eaf i ng- eafalysf s 
satisfy iaig- the specific r equir einents exhibits an 
15 enhanc(^d activity over a prolong*ed period as compared 
with tJie catalyst system of Comparative Example 1 
crMiiposed of tiiree catalyst layers packed respectively 
with hydrotreating catalysts satisfying the same 
re qui r emen t s . 

20 The reactor for hydro treating according to 

this invent it:»n exhibits a total d*?sulf ur 1 zing activity 
liigiier than that of the reac-tor according to tiie prior 
art, and the higli desulf ur i zing and d>?.me trilizing 
a<'tivities can be retained tor a i:>rotonged period. 

25 Ac(M:)rdingly , the use of the reactor according t o this 
inventitjn makes it possibi*.^ to product' over a iong 
period o 1' time a i.arge cpiantity oi' an utlralow sul^'ur 
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lu^Mvy oil Vroiw a heavy o i J that, is acl van taK"CH)ii s in 
i Mcliis t r i a 1 prac: I i c:c^ . 
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